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APPARATUSES AND METHODS FOR MONITORING ROTATION OF A 
CONDUCTIVE MICROFEATURE WORKPIECE 

TECHNICAL FIELD 

[0001] The present invention relates to monitoring the rotation of conductive 

microfeature workpieces during processing, for example, during a brushing 
process. 

BACKGROUND 

[0002] Mechanical and chemical-mechanical planarization processes (collectively 

"CMP") remove material from the surfaces of microfeature workpieces in the 
production of microelectronic devices and other products. Typically the 
microfeature workpieces then undergo a post-CMP cleaning process. For 
example, Figure 1 schematically illustrates a brushing machine 50 in accordance 
with the prior art used for this purpose. Such devices are available from Applied 
Materials of Santa Clara, California. The brushing machine 50 supports a 
microfeature workpiece 10 on rollers 20. The rollers 20 engage an edge surface 
1 1 of the microfeature workpiece 10 and rotate as indicated by arrows A to rotate 
the microfeature workpiece 10 as indicated by arrow B. As the microfeature 
workpiece 10 rotates, it engages two rotating brushes 30. The rotating brushes 
30 rotate in opposite directions to remove particles from opposing faces 12 of the 
microfeature workpiece 10. Optionally, the microfeature workpiece 10 can be 
exposed to a chemical compound while it is brushed. 

[0003] One drawback with the foregoing arrangement is that the microfeature 

workpiece 10 occasionally stops rotating during the brushing process. As a 
result, the microfeature workpiece 10 may be incompletely cleaned, and may also 
be damaged as the rotating brushes bear against a limited portion of the 
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microfeature workpiece 10. Furthermore, because the microfeature workpiece 10 
typically rotates at high speed (e.g., about 500 rpm), it is often hard for an 
operator to determine that the microfeature workpiece 10 has stopped rotating. 

[0004] One approach to addressing the foregoing drawback is to engage a 

follower wheel 40 with the edge surface 1 1 of the microfeature workpiece 10. The 
rotation of the microfeature workpiece 10 causes the follower wheel 40 to rotate. 
A sensor (not shown) detects whether or not the follower wheel 40 is rotating. If 
the follower wheel 40 ceases to rotate, the operator assumes that the 
microfeature workpiece 10 is no longer rotating and can remove the microfeature 
workpiece 10 or re-engage it with the rollers 20. 

[0005] One drawback with the follower wheel 40 is that it may not be reliable. For 

example, the follower wheel 40 can wear out, fall out of adjustment, seize, slip, or 
fail in other manners that can result in a false indication of the motion (or lack of 
motion) of the microfeature workpiece 10. Accordingly, an operator may be 
unaware that the microfeature workpiece 10 has stopped rotating, or may receive 
false warnings that the microfeature workpiece 10 has stopped rotating. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] Figure 1 is a partially schematic illustration of an apparatus having a 

follower wheel to monitor the rotation of the microfeature workpiece during post 
CMP cleaning in accordance with the prior art. 

[0007] Figure 2 is a partially schematic, isometric illustration of an apparatus 

configured to monitor the rotation speed of a microfeature workpiece using a 
magnetic field in accordance with an embodiment of the invention. 

[0008] Figure 3 is a partially schematic, isometric illustration of an apparatus 

configured to monitor the rotation speed of a microfeature workpiece using a 
magnetic field in accordance with another embodiment of the invention. 
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DETAILED DESCRIPTION 



A. Introduction 

[0009] The present invention is directed toward apparatuses and methods for 

monitoring the rotation of a microfeature workpiece, for example, during a post- 
CMP brushing process. In other embodiments, apparatuses and methods can 
monitor the rotation speed of a microfeature workpiece during other processes. In 
one aspect of the invention, a method for detecting a rotation speed of a 
microfeature workpiece having an electrically conductive material includes 
supporting the microfeature workpiece, rotating the microfeature workpiece, 
establishing a magnetic field at least proximate to the microfeature workpiece, and 
detecting a change of a rotation speed of the microfeature workpiece by detecting 
a characteristic corresponding to a state of the magnetic field. The characteristic 
corresponding to the state of the magnet field can depend at least in part on 
relative motion, or lack of relative motion, between the conductive material of the 
microfeature workpiece and the magnetic field. 

[0010] In a further aspect of the invention, establishing the magnetic field can 

include producing an electromagnetic field by applying an electrical potential to 
an electromagnet circuit, and detecting a characteristic corresponding to a state 
of the magnetic field can include detecting a change in an electrical current 
characteristic in the electromagnet circuit. In another aspect of the invention, 
establishing the magnetic field can include supporting a portion of a magnetic 
field source with a magnet support, and detecting the characteristic corresponding 
to the state of the magnetic field can include detecting a movement of the portion 
of the magnet field source, or detecting the force applied to the portion of the 
magnetic field source as the microfeature workpiece rotates. In yet a further 
aspect of the invention, the method can include adjusting a rotation speed of the 
microfeature workpiece if a change in the rotation speed of the microfeature 
workpiece exceeds a target value. 

[0011] In another aspect of the invention, an apparatus for detecting a rotation 

speed of a microfeature workpiece having an electrically conductive material can 
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include a support having an engaging surface configured to contact and rotate a 
microfeature workpiece, a magnetic field source positioned at least proximate to 
the support and being configured to produce a magnetic field at least proximate to 
the support, and a detection device positioned at least proximate to the support, 
the detection device being configured to detect a characteristic corresponding to a 
state of the magnetic field. The characteristic corresponding to a state of the 
magnetic field can depend at least in part on relative motion, or lack of relative 
motion, between the conductive material of the microfeature workpiece and the 
magnetic field. 

[0012] In a further aspect of the invention, the magnetic field source can include 

an electromagnet coupleable to a source of electrical potential to produce a 
magnetic field, and the detection device can include a voltmeter or an ammeter 
electrically coupled to the electromagnet. In yet a further aspect of the invention, 
the magnetic field source can include a permanent magnet positioned at least 
proximate to the support and being movable relative to the support as the 
microfeature workpiece rotates. The detection device can include a radiation 
detection device positioned to detect movement of the permanent magnet. In still 
another aspect of the invention, the detection device can include a mechanical 
displacement measuring device coupled to a portion of the magnetic field source 
to detect the movement of the portion of the magnetic field source as the 
microfeature workpiece is rotated. In yet another aspect of the invention, the 
detection device can include a force measuring device coupled to a portion of the 
magnetic field source to measure the force experienced by the portion of the 
magnetic field source as the microfeature workpiece is rotated. 

[0013) The term "microfeature workpiece" is used throughout to include a 

workpiece formed from a substrate upon which, and/or in which submicron circuits 
or components, and/or data storage elements or layers are fabricated. Submicron 
features in the substrate include, but are not limited to trenches, vias, lines, and 
holes. These features typically have a submicron width (ranging from, for 
example, 0.05 micron to 0.75 micron) generally transverse to a major surface 
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(e.g., a front side or a backside) of the workpiece. The term "microfeature 
workpiece" is also used to include substrates upon which, and/or in which 
micromechanical features are formed. Such features include read/write head 
features and other micromechanical elements having submicron or supramicron 
dimensions. In any of these embodiments, the workpiece substrate is formed 
from suitable materials, including ceramics, and may support layers and/or other 
formations of other materials, including but not limited to metals, dielectric 
materials and photoresists. 
[0014] Several specific details of the invention are set forth in the following 

description and in Figures 2 and 3 to provide a thorough understanding of certain 
embodiments of the invention. One skilled in the art, however, will understand 
that the present invention may have additional embodiments, and that other 
embodiments of the invention may be practiced without several of the specific 
features explained in the following description. 

B. Apparatuses and Methods in Accordance with Embodiments of the 
Invention 

[0015] Figure 2 is a partially schematic illustration of an apparatus 200 configured 

to monitor and/or adjust the rotation of a microfeature workpiece 210 in 
accordance with an embodiment of the invention. In one aspect of this 
embodiment, the apparatus 200 can generate a magnetic field 242 (represented 
schematically in Figure 2 by dashed-dotted lines). In a further aspect of this 
embodiment, the apparatus 200 can detect the effect on the magnetic field 242 
caused by a conductive material 213 (shown schematically in dashed lines in 
Figure 2) of the microfeature workpiece 210 moving (or failing to move) through 
the magnetic field 242, as described in greater detail below. 

[0016] In one embodiment, the apparatus 200 can include a support 220 

positioned to carry the microfeature workpiece 210. In one aspect of this 
embodiment, the support 220 can include a plurality of rollers 221 (two are shown 
in Figure 2) that contact an edge surface 21 1 of the microfeature workpiece 210. 
The rollers 221 can be rotated (as indicated by arrows C) by a rotation drive 222 
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to rotate the microfeature workpiece 210, as indicated by arrow D. In other 
embodiments, the apparatus 200 can include other arrangements for supporting 
and/or rotating the microfeature workpiece 210. For example, in some 
embodiments, the apparatus 200 can support and/or rotate the microfeature 
workpiece 210 by contacting portions of the microfeature workpiece 210 other 
than the edge surface 21 1 . 

[0017] In any of the foregoing embodiments, the apparatus 200 can include a 

processing device 230 configured to perform a process on the microfeature 
workpiece 210 as it rotates. In one aspect of this embodiment, the processing 
device 230 can include one or more brushes 231 (two are shown in Figure 2) that 
can remove particles from opposing faces 212 of the microfeature workpiece 210 
and/or polish the faces 212. In a particular aspect of this embodiment, the 
brushes 231 can be elongated and can extend laterally across the faces 212 of 
the microfeature workpiece. In other embodiments, the brushes 231 can have 
other configurations. In any of these embodiments, the brushes 231 can be 
rotated by a brush drive device 232. The brush drive device 232 can also control 
the amount of pressure the brushes 231 apply normal to the faces 212 of the 
microfeature workpiece 210. In still further embodiments, the processing device 
230 can include elements or features in addition to or in lieu of the brushes 231 to 
perform cleaning and/or other processes on the microfeature workpiece 210 as 
the microfeature workpiece 210 rotates. In any of these embodiments, the effect 
of the microfeature workpiece 210 on the magnetic field 242 can be used to 
determine whether and/or how fast the microfeature workpiece 210 is rotating, as 
described in greater detail below. 

[0018] In one embodiment, the apparatus 200 includes a magnetic field source 

240 having a magnet 243 that imposes the magnetic field 242 proximate to the 
microfeature workpiece 210. In particular aspects of this embodiment, the 
magnetic field source 240 can include an electromagnet, a permanent magnet, or 
another device that can form the magnetic field 242. The state of the magnetic 
field 242 can depend on the relative motion, or lack of relative motion, between 
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the magnetic field 242 and the conductive material 213 of the microfeature 
workpiece 210. Accordingly, the rotational state of the microfeature workpiece 
210 (e.g., whether and/or how fast the microfeature workpiece 210 rotates, or 
changes rotational velocity) can be detected by detecting characteristics 
corresponding to a state of the magnetic field 242 as the conductive material 213 
of the microfeature workpiece 210 passes through the magnetic field 242. In one 
embodiment, the conductive material 213 can include conductive lines and/or vias 
positioned at or below the faces 21 2 of the workpiece 210. In other embodiments, 
the conductive material 213 can include other conductive or at least partially 
conductive features. 

[0019] In any of the foregoing embodiments, a characteristic corresponding to the 

state of a magnetic field 242 as the conductive material 213 moves (or fails to 
move) can be detected by a detection device 246. In one embodiment, the 
detection device 246 can directly detect characteristics of the state of the 
magnetic field 242. For example, the detection device 246 can include a 
magnetic sensor 247 (e.g., a magnetic flux valve or a compass) that senses or 
measures the magnetic field 242. The magnetic sensor 247 can be particularly 
suitable for embodiments in which the magnet 243 includes a permanent magnet 
rather than an electromagnet. In other embodiments (described in greater detail 
below), the detection device 246 can more indirectly detect characteristics of the 
magnetic field 242. 

[0020] When the magnet 243 includes an electromagnet, the magnetic field 

source 240 can include an electrical potential source 244 connected to the 
magnet 243 with an electromagnet circuit 249. In one embodiment, the electrical 
potential source 244 can deliver a constant current and/or a constant voltage, and 
in another embodiment, the electrical potential source can deliver a variable 
current and/or a variable voltage. In either embodiment, the detection device 246 
can include an electrical circuit device 241 positioned to measure changes in the 
voltage or current of the electromagnet circuit 249, which result from the 
interaction between the magnetic field 242 and the conductive material 213 in the 
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microfeature workpiece 210. For example, changes in the voltage, current or 
other characteristic of the electromagnetic circuit 249 can be induced by changes 
in the magnetic field 242, which are in turn caused by changes in the rotation rate 
of the microfeature workpiece 210. In one aspect of this embodiment, the 
electrical circuit device 241 can include an ammeter coupled in series with the 
electromagnet circuit 249. In another embodiment, the electrical circuit device 
241 can include a voltmeter coupled in parallel across the magnet 243. Suitable 
electrical circuit devices 241 for either embodiment are available from Itron, Inc. of 
Spokane, Washington. The apparatus 200 can include the electrical circuit 
device 241 in addition to the magnetic sensor 247 (as shown in Figure 2) or in lieu 
of the magnetic sensor 247. In still further embodiments, the apparatus 200 can 
include other detection devices 246 that indirectly detect the effect of the 
microfeature workpiece 210 on the magnetic field 242. 
[0021] In any of the foregoing embodiments, the detection device 246 can detect a 

change in the magnetic field 242 caused by a change in the rotation speed of the 
microfeature workpiece 210. For example, as the microfeature workpiece 210 
rotates at a selected rate, the conductive material 213 passes through the 
magnetic field 242 and can change a characteristic (such as the magnetic flux) of 
the magnetic field 242 at a corresponding rate. If the rotation rate of the 
microfeature workpiece 210 changes, the effect on the magnetic field 242 also 
changes, and the effect can be detected by the detection device 246. In one 
embodiment, the detection device 246 can detect when the microfeature 
workpiece 210 ceases to rotate. In another embodiment, the detection device 246 
can detect when the rotation rate of the microfeature workpiece 210 changes 
(either upwardly or downwardly) without requiring that the microfeature workpiece 
210 cease rotating. As described above, the detection can be direct (e.g., when 
the magnetic sensor 247 detects a change in the magnetic flux of the magnetic 
field 242) or indirect (e.g., when the electrical circuit device 241 detects a change 
in the current flowing through the electromagnetic circuit 249, induced by a 
change in the magnetic field 242). 
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[0022] In one embodiment, the detection device 246 can display a measured 

value corresponding directly or indirectly to the state of the magnetic field 242. In 
another embodiment, the detection device 246 can provide an alert (visual, aural 
or otherwise) when the change in the magnetic field characteristic corresponds to 
a change in rotation rate that exceeds a target value. For example, the detection 
device 246 can provide an alert when the microfeature workpiece 210 ceases to 
rotate. 

[0023] In still a further embodiment, the apparatus 200 can include a feedback 

control device 260 to adjust the input to the rotation drive 222 and/or the brush 
drive device 232 based on the information received from the detection device 246. 
Accordingly, the feedback control device 260 can be operatively coupled between 
the detection device 246 and both the rotation drive 222 and the brush drive 
device 232. In one embodiment, the feedback control device 260 can direct the 
rotation drive 222 to stop the rollers 221 when the detection device 246 detects 
no rotation of the microfeature workpiece 210. Accordingly, the feedback control 
device 260 can automatically prevent the brushes 231 from rotating against the 
microfeature workpiece 210 while the microfeature workpiece 210 is stationary. In 
another embodiment, the feedback control device 260 can direct the rotation drive 
222 to increase or decrease the rate at which the microfeature workpiece 210 
rotates, for example, if the detection device 246 detects a rotation rate that is 
outside a selected range. The selected range can be factory set and/or 
adjustable by the user. In other embodiments, multiple ranges can be set and 
multiple adjustments can be made using various methods to affect the rotation 
rate, including stopping the rotation of the microfeature workpiece 210 if the 
rotational rate cannot be maintained within a certain range. In still further 
embodiments, the feedback control device 260 can be operably coupled to the 
brush drive device 232 to increase or decrease the normal force applied to the 
faces 212 of the microfeature workpiece 210 by the brushes 231, and/or to 
increase or decrease the rotation rate of the brushes 231 . 
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[0024] One feature of embodiments of the apparatus 200 is that it can monitor the 

rotation of the microfeature workpiece 210 by sensing characteristics 
corresponding to a state of the magnetic field 242. Accordingly, the detection 
device 246 need not contact the microfeature workpiece 210 directly. An 
advantage of this feature is that the detection device 246 is less likely to fail, slip, 
or require adjustment when compared to mechanical systems, such as the one 
described above with reference to Figure 1 . Accordingly, embodiments of the 
apparatus 200 can monitor the rotation speed of the microfeature workpiece 210 
more reliably, and more accurately than can existing mechanical systems. 

[0025] Figure 3 is a partially schematic illustration of an apparatus 300 configured 

to detect a change in the rotation rate of the microfeature workpiece 210 in 
accordance with another embodiment of the invention. In one aspect of this 
embodiment, the apparatus 300 can detect the change in the rotation rate of the 
microfeature workpiece 210 by detecting the change in the force applied by the 
magnetic field 242 to an object placed within the magnetic field 242. For example, 
in one embodiment, the magnetic field 242 is imposed by a magnetic field source 
240 that includes a magnet 243 supported by a magnet support 350. The magnet 
243 can include a permanent magnet, an electromagnet, or another magnetic field 
producing device. The magnet support 350 can include a generally fixed base 
352 and a coupler 351 coupled between the magnet 340 and the base 352 either 
directly or through other structures or components, such as the detection device 
246. 

[0026] In one embodiment, the detection device 246 includes a measuring device 

380. In one aspect of this embodiment, the coupler 351 is generally rigid and is 
connected to the base 352 through the measuring device 380 in a manner such 
that the force exerted on the magnet 243 by the magnetic field 242 is transmitted 
to the measuring device 380. The measuring device 380 can include a force 
measuring device, e.g. a strain gauge that measures the force transmitted by the 
coupler 351. In another embodiment, the coupler 351 can be generally rigid and 
can be connected to the base 352 through the measuring device 380 in a manner 
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such that the magnet 243 is free to move relative to at least one axis due to the 
force created by the magnetic field 242. Accordingly, the measuring device 380 
can include a displacement measuring device that monitors the movement of the 
magnet 243 transmitted through the coupler 351. In any of the foregoing 
embodiments, the force exerted on the magnet 243 can change as the rotational 
rate of the microfeature workpiece 210 changes. 

[0027] In another embodiment, the coupler 351 can be rigid or nonrigid and can 

couple the magnet 243 to the base 352 while allowing the magnet 243 to move 
freely under the influence of the magnetic field 242 relative to at least one axis, as 
indicated by arrow R. In one aspect of this embodiment, the detection device 246 
can include a radiation detection device 370 used to detect the movement of the 
magnet 243. In a particular aspect of this embodiment, the radiation detection 
device 370 can be configured to detect the movement of the magnet 243, for 
example, by detecting a radiation beam 371a emitted by a radiation source 372a 
and reflected by the magnet 243 or the coupler 351 . In another embodiment, the 
radiation detection device 370 can detect when the magnet 243 or coupler 351 
moves sufficiently to break a radiation beam 371b emitted by a radiation source 
372b. In either of the foregoing embodiments, the radiation detection device 370 
can detect visible light and/or other types of radiation. 

[0028] In any of the foregoing embodiments, a feedback control device 260 can be 

configured to receive input from any detection device used to detect a 
characteristic corresponding to the state of the magnetic field 242. The feedback 
control device 260 can also be configured to direct control signals to other 
components that can affect the rotation speed of the microfeature workpiece 210, 
or the operation of the processing device 230 as described in the above 
discussion of Figure 2. 

[0029] From the foregoing, it will also be appreciated that specific embodiments of 

the invention have been described herein for purpose of illustration, but that 
various modifications may be made without deviating from the spirit and scope of 
the invention. For example, in other embodiments, other arrangements can be 

[1 0829-8723/SL031 1 50.339] - 1 1 - 8/21 /03 



used to detect a characteristic corresponding to a state of the magnetic field 
which is influenced by the relative motion, or lack of motion, between the 
microfeature workpiece and the magnetic field. Apparatuses and methods in 
accordance with still further embodiments can include other combinations of the 
features described above. Accordingly, the invention is not limited except as by 
the following claims. 
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